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BACKGROUND OF THE INVENTION 

15 Field of the Invention 

The present invention relates to a mobile terminal 
position calculation method, positioning system, and 
position calculation apparatus for measuring the position 
of a mobile terminal, using radio signals. 

20 Description of Related Art 

In a cellular telephony system, a method of 
calculating the present position of a mobile terminal , using 
signals transmitted from base stations to the mobile 
terminal has been proposed. For example, such a method is 

25 described in Patent Document Cited 1 , JP-A No . 181242/1995. 
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In the method of measuring the present position of a 
mobile terminal , described in Patent Document Cited 1 (FIGS. 
14 and 15) , first, in an action of measuring differences 
between propagation distances 110, measurements are taken 
of differences between propagation distances of signals 
from the mobile terminal to multiple base stations. 
Concretely, a mobile terminal 104 receives signals, 
transmitted from cellular telephony base stations 101 102, 
and 103. At this time, the mobile terminal 104 records the 
times at which the respective signals from the base stations 
have arrived at the mobile terminal. By calculating 
differences between the signal arrival times, time 
differences of signal propagation on the channels from the. 
base stations to the mobile terminal T x - T 2 and T 3 - T 2 are 
calculated. Finally, the thus calculated propagation time 
differences are multiplied by light velocity and, thereby, 
differences between the propagation distances of the 
signals from the base stations to the mobile terminal Di - 
D 2 = c (Tx - T 2 ) and D 3 - D 2 = c (T 3 - T 2 ) are calculated. 

Next, in an action of calculating MT position by 
trilateration 111, the position of the mobile terminal is 
calculated, using the principle of trilateration. 
Concretely, a relation (equation) given in mathematical 
expression 1 between propagation distance differences D x - 
D 2 and D 3 - D 2 measured in the action of measuring differences 



between propagation distances 110 and the position of the 
mobile terminal (X , Y) is solved to obtain unknown values 
(X, Y) of the mobile terminal position. In mathematical 
expression 1, c represents light velocity and D N (N = 1 , 2, 
3) represents distance from the mobile terminal to base 
station N. 

[Mathematical expression 1] 
c (Ti - T 2 ) = Di - D 2 
c (T 3 - T 2 ) = D 3 - D 2 

D N = { (X - X N ) 2 + (Y - Y N ) 2 } 1/2 (N = 1, 2, 3) 
Finally, in an action of outputting MT position 112, 
the mobile terminal position obtained by solving the 
equation of mathematical expression 1 is output as the 
result of position calculation. 

Also, a method of calculating the present position of 
a mobile terminal , using signals transmitted from the mobile 
terminal and received by a plurality of base stations has 
been offered; for example, such a method using signals 
transmitted on a wireless LAN, disclosed in JP-B No. 
260772/2002 corresponding to U.S. application no. 
10/463,608, a prior application made by one of the present 
inventors . . 

In the foregoing method of prior art, as shown in Figs. 
14 and 15, firstly, the position of a mobile terminal cannot 
be obtained according to conditions of measurement. For 



example, if |c (Ti - T 2 ) | > D 12 (where D 12 is distance between 
base station 1 and base station 2) due to the influence of 
measurement errors of propagation time differences, the 
condition of forming a triangle among the mobile terminal, 
5 base station 1, and base station 2 is not satisfied and the 
equation of mathematical expression 1 does not give a real 
root. Especially, when the mobile terminal is in close 
proximity to a base station, the above condition |c (Ti - 
T 2 ) I > Di 2 is met by even a small degree of measurement errors 
10 and, therefore, the probability that the equation of 
mathematical expression 1 does not give a real root 
increases. In such cases, the position of the mobile 
terminal cannot be obtained by the method of prior art. 

In general, the equation of mathematical expression 
15 1 gives a plurality of position solutions. If the mobile 
terminal is in the proximity of a base station, there is the 
plurality of position solutions to the. equation of 
mathematical expression 1 near the base station. 
Consequently, it is impossible to select a proper solution 
20 from the plurality of position solutions of the mobile 
terminal. Thus, in this case also, the position of the 
mobile terminal cannot be obtained. 

As mentioned above, when the mobile terminal is 
positioned in the proximity of a base station, its position 



-4- 



V 



cannot be obtained, and an area where a position information 
service is offered is narrowed and convenience is lowered. 

Secondly, a rise in the cost of the position 
information service may be induced. Because the equation 
5 of mathematical expression 1 is difficult to solve 

analytically, a method of obtaining a solution by repetitive 
arithmetic operations, is generally taken. This method 
involves large amounts of arithmetic operations and it may 
be necessary to repeat arithmetic operations hundreds of 

10 thousand of times according to conditions, and a high load 
is applied to an arithmetic unit which executes position 
calculation . When making use of applications which tolerate 
position measurement errors within a few hundred meters , for 
example, weather forecasts and information services about 

15 road traffic congestion and the like, the arithmetic unit, 
must have performance enough to cope with excessive loads 
and this causes a rise in the cost of mobile terminals and 
the cost of the position information service. 

20 SUMMARY OF THE INVENTION 

In the present invention, in order to solve the 
foregoing first problem, the method for calculating the 
position of a mobile terminal includes an action to 
determine whether the mobile terminal is in close vicinity 

25 to a base station. If it is determined that the mobile 
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terminal is in close vicinity to a base station, the position 
of the mobile terminal is calculated by a position 
calculation method fit for the case where the mobile 
terminal is in close vicinity to a base station. 
5 In order to solve the foregoing second problem, the 

present invention adopts a parameter for controlling the 
amount of arithmetic operation required for position 
calculation. The amount of arithmetic operation for 
position calculation is controlled by setting the parameter 
10 at a value appropriate for required accuracy of position 
measurement. 

Specifically, the present invention provides a method 
for calculating the position of a mobile terminal, using 
differences between propagation distances of radio signals 

15 being transmitted/received on channels between base 

stations and a mobile terminal, the method comprising: 
measuring the differences between the propagation distances 
of the signals on the channels between a plurality of base 
stations and the mobile terminal; determining if the mobile 

20 terminal is close to a base station, which determines 

whether the mobile terminal is in close proximity to any of 
the plurality of base stations; calculating the position of 
the mobile terminal by a common formula if it is determined 
that the mobile terminal is not in close proximity to any 

25 of the base stations; calculating the position of the mobile 
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terminal in close proximity to a base station if it is 
determined that the mobile" terminal is in close proximity 
to one of the base stations; and outputting the position of 
the mobile terminal calculated through calculating the 
mobile terminal position in close proximity to a base 
station or calculating the mobile terminal position by a 
common formula. Thus, even if the mobile terminal is in 
close proximity to a base station, the position of the mobile 
terminal can be measured with accuracy and stability. 
Consequently, the area where the position information 
service can be offered would be extended and enhancing the 
convenience would be achievable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of the method of calculating the 
position of a mobile terminal, according to a preferred 
embodiment of the present invention; 

FIG. 2 is a radio communications system configuration 
diagram, according to the preferred embodiment of the 
present invention; 

FIG. 3 is a flowchart of a first example of sub-actions 
taken within the determining if the mobile terminal is close' 
to a base station, according to the preferred embodiment of 
the present invention; 



FIG. 4 is a flowchart of a second example of 
sub-actions taken within the determining if the mobile 
terminal is close to a base station, according to the 
preferred embodiment of the present invention; 
5 FIG. 5 is a flowchart of a first example taken while 

calculating the mobile terminal position in close proximity 
to a base station, according to the preferred embodiment of 
the present invention; 

FIG. 6 is a flowchart of another example of 
10 sub-actions taken while calculating the mobile terminal 
position in close proximity to a base station, according to 
the preferred embodiment of the present invention; 

FIG. 7 shows a configuration example of a radio 
communications system where the position of'a mobile 
15 terminal is measured, using the present invention; 

FIG. 8 is a block diagram showing a mobile terminal 
configuration of a first embodiment of the present 
invention ; 

FIG. 9 is a block diagram showing a server 
20 configuration of the first embodiment of the present 
invention; 

FIG. 10 is a block diagram showing a mobile terminal 
configuration of a second embodiment of the present 
invention ; 
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FIG. 11 is a block diagram showing a server 
configuration of the second embodiment of the present 
invention; 

FIG. 12 is a block diagram showing a mobile terminal 
configuration of a third embodiment of the present 
invention; 

FIG. 13 is a block diagram showing a base station 
configuration of the third embodiment of the present 
invention ; 

FIG. 14 is a diagram of a radio communication system 
configuration of prior art; and 

FIG. 15 is a flowchart of the prior art method of 
calculating the position of a mobile terminal. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention and 

the best mode will be described hereinafter with reference 

to the accompanying drawings . 

FIG. 1 is a flowchart of the method of calculating the 

position of a mobile terminal, according to a preferred 

embodiment of the present invention. 

The flowchart of FIG. 1 includes carrying out the same 

functions as done in the corresponding flowchart of FIG. 15 

which explains the prior art method of calculating the 

position of a mobile terminal. These actions are assigned 



the same reference numbers and their -detailed explanation 
is not repeated. 

First, through measuring differences between 
propagation differences, measurements are taken of 
differences between propagation distances of signals from 
the mobile terminal to multiple base stations (110) . The 
measurements of such differences between propagation 
distances can be taken, based on the calculation of 
propagation time differences from the measured times at 
which the mobile terminal received the signals transmitted 
on individual channels from the base stations in the same 
manner as applied in the prior art method. The same 
measurements may be taken, based on the calculation of 
propagation time differences from the measured times at 
which the base stations received signals transmitted from 
the mobile terminal, reversely. 

Moreover, the measurements of such differences 
between propagation distances can be taken, based on 
measurements of received power of the signals transmitted 
from the base stations at the mobile terminal. For example, 
the mobile terminal measures received power PN (N = 1, 2, 
3) of the signals from the base stations. In general, the 
received power of a signal transmitted from a base station 
to the mobile terminal is in inverse proportion to the 



distance from the base station to the mobile terminal, which 
is represented by the following relation: 

PN = AN x DN" a where, PN is signal received power obtained 
by measurement, AN is a known coefficient which is 
determined by the signal transmitting power at the base 
station, antenna gain, etc. and a is a known propagation 
constant which is determined from an assumed propagation 
channel model. The above equation is modified to: 
DN = (PN/AN) " 1/a 

Using this modified equation, distance from the 
mobile terminal to the base station that transmitted signal 
is obtained from the measurement of the received power of 
the signal at the mobile terminal for each base station. By 
calculating differences between the DNs thus obtained for 
the base stations, the measured differences of the 
propagation distances on each channel (that is, the value 
per base station corresponding to the left side member of 
the foregoing equation of mathematical expression 1) can be 
obtained. Reversely, for signals transmitted from the 
mobile terminal to the base stations, based on the received 
power measurements of the signals at the base stations, the 
same algorithm as above may be executed. 

Next, determining if the mobile terminal is close to 
a base station is executed, which determines whether the 
mobile terminal is in close proximity to a base station 



(200) . If it is determined that the mobile terminal is not 
in close proximity to a base station, the position of the 
mobile terminal is calculated by a common formula using the 
principle of. trilateration , based on the differences 
between propagation distances obtained in actionllO , action 

(111) . " 

Otherwise, if it is determined that the mobile 
terminal is in close proximity to a base station, the 
position of the mobile terminal is calculated by a method 
fit for the case where the mobile terminal is in close 
proximity to a base station, which will be described later 

(201) . Then, the mobile terminal position obtained by 
calculating its position by a common formula using 
trilateration (111) or calculating its position in close 
proximity to a base station (201) is converted into a 
predetermined format in accordance with an application 
program that uses output data and the thus formatted result 
of the calculation of the mobile terminal position is output 

(112) , and, then, the procedure of measuring the mobile 
terminal position terminates. 

Next, determining whether the mobile terminal is 
close to a base station (200 in FIG. 1) will be described. 

FIG. 2 is a radio communications system configuration 
diagram according to the preferred embodiment of the present 
invention . 



If the mobile terminal is in close proximity to base 
station 1, the difference between the propagation distance 
on the channel between base station 2 and the mobile terminal 
and the propagation distance on the channel between the base 
station 1 and the mobile terminal is approximately equal to 
the distance between the base station 1 and the base station 
2 . For example , as is shown in FIG . 2, if the mobile terminal 
is in close proximity to base station 2, propagation 
distance R 2 on the channel between the base station 2 and 
the mobile terminal decreases and propagation distance Ri 
between the base station 1 and the mobile terminal is 
approximately equal to distance D 12 between the base station 
2 and the base station 1. Thus, difference (Ri - R 2 ) between 
the propagation distances on the channels between both the 
base stations and the terminal is approximately equal to the 
distance D 12 between the base station 1 and the base station 
2. Taking advantage of this geometrical property of radio 
propagation, among N base stations (base station 1 to base 
station N) , if a base station W which meets a constraint of 
mathematical expression 2 given below exists, it is 
determined that the mobile terminal is in close proximity 
to the base station W. 
[Mathematical expression 2] 

Dvw ~ B < R v - R w < Dvw + B 
(V = 1, 2, ... N, except W) 



In mathematical expression 2, Dvw represents distance 
between base station V and base station W. R v - R w represents 
difference between the signal propagation distance on the 
channel between the base station V and the mobile terminal 
and the signal propagation distance on the channel between 
the base station W and the mobile terminal, measured while 
measuring distances between propagation distances 110. B 
is a parameter which is used in determining if the mobile 
terminal is close to a base station; a greater value should 
be assigned to the parameter B if a rather wide range around 
a base station is regarded as the proximity range of the base 
station and a smaller value should be assigned to the 
parameter B if a rather narrow range around a base station 
is regarded as the proximity range of the base station. For 
example, in the case of applications such as weather 
forecasts and information on road traffic congestion which 
allow for a low accuracy of position measurement within a 
few hundred meters, the value of the parameter B should be 
set at a few hundred meters equivalent to the required 
accuracy of position measurement. In the case of 
applications such as navigation which require a high 
accuracy of position measurement within about ten meters, 
the value of parameter B should be set at about ten meters 
equivalent to the required accuracy of position 
measurement . 



Specifically, the constraint of mathematical 
expression 2 is used to determine whether difference R v - 
R w between the propagation distances on the channels from 
two base stations falls within a predetermined tolerance of 
5 error B for the distance Dyw between both the base stations. 

FIG. 3 is a flowchart of a first example of sub-actions 
taken while determining if the mobile terminal is close to 
a base station (200 in FIG. 1) in a scenario where the mobile 
terminal can receive radio channels from three base stations 
10 as shown in FIG. 2. 

First, it is determined whether the mobile terminal 
is in close proximity to base station 1 , using the constraint 
of mathematical expression 2 (300) . For the relation 
between base station 1 and base station 2 and the relation 
15 between base station 1 and base station 3, it is determined 
whether the constraint of mathematical expression 2 is 
fulfilled. As a result, if it is determined for both 
relations that difference between the propagation distances 
on the channels from the base stations to the mobile terminal 
20 falls within a predetermined tolerance of error (±B) of the 
physical distance between both the base stations, it is 
determined that the mobile terminal is in close proximity 
to base station 1 (310) and the procedure proceeds 
calculating the mobile terminal position in close proximity 
25 to a base station (201 in FIG. 1) . 
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Similarly, by determining whether the constraint of 
mathematical expression 2 is fulfilled for the relation 
between base station 1 and base station 2 and the relation 
between base station 2 and base station 3, it is determined 
5 whether the mobile terminal is in close proximity to base 
station 2 (301) . As a result, if it is determined for both 
relations that difference between the propagation distances 
on the channels from the base stations to the mobile terminal 
falls within a predetermined tolerance of error (±B) of the 

10 physical distance between both the base stations, it is 
determined that the mobile terminal is in close proximity 
to base station 2 (311) and the procedure proceeds to 
calculating the mobile terminal position in close proximity 
to a base station (201 in FIG. 1) 

15 Similarly, by determining whether the constraint of 

mathematical expression 2 is fulfilled for the relation 
between base station 1 and base station 3 and the relation 
between base station 2 and base station 3, it is determined 
whether the mobile terminal is in close proximity to base 

20 station 3 (302) . As a result, if it is determined for both 
relations that difference between the propagation distances 
on the channels from the base stations to the mobile terminal 
falls within a predetermined tolerance of error (±B) of the 
physical distance between both the base stations, it is 

25 determined that the mobile terminal is in close proximity 
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to base station 3 (312) and the procedure proceeds to 
calculating the mobile terminal position in close proximity 
to a base station (201 in FIG. 1) . 

Otherwise, the constraint of mathematical expression ' 
2 is not fulfilled in the determining actions300, 301, and 
302 , it is determined that the mobile terminal is not in 
close proximity to a base station (313) and the procedure 
proceeds to the action of calculating the mobile terminal 
position by a common formula using the principle of 
trilateration (111 in FIG. 1) . 

In the example shown in FIG. 2, because the mobile 
terminal is in close proximity to base station 2, Ri - R 2 is 
approximately equal to D i2 and R 3 - R 2 is approximately equal 
to D 32 . Therefore, the constraint of mathematical 
expression 2 is fulfilled in action 301 and it is determined 
in step 311 that the mobile terminal is in close proximity 
to base station 2, and the procedure proceeds to the step 
of calculating the mobile terminal position in close 
proximity to a base station (201 in FIG. 1) . Examples of 
actual close proximity distances are dependent upon the 
application being sent to and from the mobile terminal. For 
weather forecasts, the range is about 3km. For road traffic 
information, the range is about 300m. For navigation, the 
range is. about 10m. However, the values described above 
might be adjusted also depending on the environment around 



the mobile terminal. 



Even if it is determined that the mobile terminal is 
in close proximity to a base station, it can be determined 
whether the mobile terminal is also in close proximity to 
another base station by applying the constraint of 
mathematical expression 2 to other combinations of base 
stations . In consequence , if the constraint of mathematical 
expression 2 is fulfilled in a plurality of actions among 
the actions 300, 301, and 302 (it is determined that the 
mobile terminal is in close proximity to a plurality of base 
stations) , the value of parameter B should be adjusted 
smaller so that the constraint of mathematical expression 
2 is fulfilled in any one of the actions 300, 301, and 302 
and a base station nearest to the mobile terminal can be 
identified. 

If the value of parameter B is set greater, a base 
station nearest to the mobile terminal can be identified 
fast and the amount of arithmetic operation required for the 
action of determining if the mobile terminal is close to a 
base station can be reduced. 

While the procedure of FIG. 3 assumes the scenario 
where the mobile terminal can receive radio channels from 
three base stations, even if the mobile terminal can receive 



radio channels from many base stations , it can be determined 
whether the mobile terminal is in close proximity to a base 
station in such a way that top three base stations in 
descending order of signal received power from the base 
stations are selected and the sub-actions within the action 
of determining if the mobile terminal is close to a base 
station, illustrated in FIG. 3, are executed for the 
combinations of the three base stations. 

Next, another example of how the action of determining 
if the mobile terminal is close to a base station (200) makes 
such a determination will be described. 

If the mobile terminal is in close proximity to a base 
station, it is reasonable that the quality of signal that 
the mobile terminal receives from the base station is better 
than the quality of signal that the mobile terminal receives 
from other base stations and the quality of the signal 
received from the base station is sufficiently good. As 
parameters indicating the received signal quality, Carrier 
to Interference Ratio (CIR) , Signal to Interference Ratio 
(SIR), Signal to Noise Ratio (S/N) , etc. can be used. 

If the mobile terminal is in close proximity to one 
of the base stations that transmit radio signals to the 

mobile terminal, by comparing the amplitudes of received 

* i 

power of the signals from the base stations, for example, 
it is reasonable that the received power of the signal from 



the base station nearest to the mobile terminal is greater 
than the received power of the signals from other base 
stations and the received power of the signal from the base 
station is sufficiently great. 
5 Taking advantage of this property of radio 

propagation, among N base stations (base station 1 to base 
station N) , if a base station W which fulfills a constraint 
of mathematical expression 3 exists, it is determined that 
the mobile terminal is in close proximity to the base station 
10 W. 

[Mathematical expression 3] 

P w = Max (P lr P 2 P N ) and P„ > P thrd 

In mathematical expression 3, Max ( ) represents a 
function outputting the maximum one of the values specified 

15 in the parentheses ( ) . P t hrd is a threshold as the criterion 
of determination. If the maximum value of power of the 
signals that the mobile terminal receive from the base 
stations is equal to or greater than P t hrd, it is determined 
that the mobile terminal is in close proximity of the base 

20 station transmitting the signal of the maximum received 
power. In this relation, a greater value should be assigned 
to Pthrd if a rather wide range around a base station is 
regarded as the proximity range of the base station and a 
smaller value should be assigned to P t hrd if a rather narrow 

25 range around a base station is regarded as the proximity 
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range of the base station. Setting P t hrd for practical 
applications is the same as described for parameter B with 
regard to mathematical expression 2.- That is, in the case 
of applications such as weather forecasts and information 
5 on road traffic congestion which allow for a low accuracy 
of position measurement , the value of P t hrd should be set 
equivalent to the required accuracy of position measurement 
(e.g. , a few hundred meters) . In the case of applications 
such as navigation which require a high accuracy of position 
10 measurement, the value of P th rd should be set equivalent to 
the required accuracy of position measurement (e.g. , about 
ten meters) . 

FIG. 4 is a flowchart of a second example of 
sub-actions within the action of determining if the mobile 
15 terminal is close to a base station (200 in FIG. 1) . 

First, received power of the signals that the mobile 
terminal receive from the base stations P n (n = 1, 2, ... N) 
is measured (320) . The maximum received power P w is selected 
from among the received power measurements and the base 
20 station that transmits the signal of the maximum received 
power P w is identified (321) . 

The selected maximum received power P w is compared 
with the threshold P t hrd and it is determined whether the 
mobile terminal is in close proximity to the base station, 
25 based on the result of the comparison (322). That is, it 
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is determined whether the selected maximum received power 
P w is equal to or greater than the threshold P t hrd. 

If P w is less than the threshold Pthrd as the result of 
the determination, the received power of the signal from the 
5 base station W that transmits the signal of the maximum 
received power P w is not so great and, therefore, it is 
determined that the base station W is far from the mobile 
terminal (the mobile terminal is not in close proximity to 
the base station) (323) and the procedure proceeds to 
10 calculating the mobile terminal position by a common formula 
using the principle of trilateration (111 in FIG. 1) . 
Otherwise, if P w is equal to or greater than the threshold 
Pthrd , the received power of the signal from the base station 
W that transmits the signal of the maximum received power 
15 P w is great and, therefore, it is determined that the mobile 
terminal is in close proximity to the base station W (324) 
and the procedure proceeds to the step of calculating the 
mobile terminal position in close proximity to a base 
station (201 in FIG. 1) . 
20 While, in the above-described embodiment, the 

received power of signals measured when the mobile terminal 
receives the signals transmitted from the base stations is 
used to determine if the mobile terminal is close to a base 
station, it may be possible to use the received power of 
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signals measured when the base stations receive the signals 
transmitted from the mobile terminal, reversely. 

Next, the action of calculating the mobile terminal 
position in close proximity to a base station (201 in FIG. 
1) will be detailed below. 

FIG. 5 is a flowchart of a first example of a 
sub-action within the action of calculating the mobile 
terminal position in close proximity to a base station. 

When it is determined that the mobile terminal is in 
close proximity to the base station W in the action of 
determining if- the mobile terminal is close to abase station 
(200 in FIG. 1 ) , an action of equating the mobile terminal 
position with the position of the base station W is executed 
(400) and the procedure proceeds to the action of outputting 
the terminal position (112 in FIG. 1). That is, while 
calculating whether the mobile terminal position is in close 
proximity to a base station, illustrated in FIG. 5, it is 
determined that the mobile terminal and the base station are 
in the same position. 

FIG. 6 is a flowchart of another example of 
sub-actions within the action of calculating the mobile 
terminal position in close proximity to a base station. 

First, the equation (mathematical expression 1) for 
use in position calculation by tr ilateration is evaluated 
to obtain all real roots of coordinates (410) . If the mobile 



terminal is in close proximity to the base station W, there 
are the coordinates of the. real roots around the base station 
W. 

Next, an action of evaluating an average of all real 
roots obtained in action 410 as the mobile terminal position 
is executed (411) and the procedure proceeds to the 
outputting the terminal position (112 in FIG. 1) . 

FIG. 7 is another radio communications system 
configuration diagram, according to a preferred embodiment 
of the present invention. 

A plurality of base stations (for example, three base 
stations 101, 102, and 103) are connected to a server 106 
via a network 105 which may be formed as a public network, 
mobile communications network, or the like. A mobile 
terminal 104 sends and receives information to/from the 
server 106, via any of these base stations. 

Measuring the position of a mobile terminal can be 
performed in two manners: one in which the mobile terminal 
receives signals transmitted from a plurality of base 
stations and the other in which a plurality of base station 
receive signals transmitted from the mobile terminal. In 
the following, examples of how the mobile terminal, server, 
and base station are configured and operate in each manner 
will be described. 



In the case of the manner in which the mobile terminal 
receive signals transmitted from a plurality of base 
stations, mobile terminal and server configurations of a 
first embodiment are shown in FIGS. 8 and 9, respectively. 
5 FIG. 8 is a block diagram showing a mobile terminal 

configuration of the first embodiment. 

An antenna 500 receives signals transmitted from the 
base stations . 

A signal receiving unit 501 performs radio frequency 
10 and intermediate frequency receiving processing and signal 
processing such as A/D conversion for the signals received 
by the antenna 500. This unit may include analog circuits 
and devices such as amplifiers, filters and A/D converters. 

A unit of measuring time to receive 502 measures the 
15 time at which the mobile terminal received the signals 

transmitted from the base stations for the signals received 
by the signal receiving unit 501. This unit may us a DSP or 
both a DSP and logic circuits such as FPGA, ASIC, or the like. 
For example, the unit of measuring time to receive is 
20 configured with matched filters and generates received 
signal profiles. This unit can be for example a Digital 
Signal Processor (DSP) or a DSP with a logic circuit such 
as an FPGA, ASIC or similar device. 

A communication unit 506 transfers the received time 
25 stamps of the signals from the base stations measured by the 
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unit of measuring time to receive 502 to the server 106 via 
any base station, according to a predetermined protocol such 
as, e.g., cellular communication. For example, the 
communication unit 506 may be a DSP processor or CPU or a 
5 communication interface chip. 

FIG. 9 is a block diagram showing a server 
configuration of the first embodiment. 

A communication unit 600 receives the received time 
stamps of the signals that the mobile terminal received from 
10 the base stations, which are transferred from the mobile 
terminal 104, according to the predetermined protocol. 

A unit of measuring differences between propagation 
distances 601 executes the action of measuring differences 
between propagation differences (110 in FIG. 2) , using the 
15 signals' received time stamps transferred from the mobile 
terminal . 

A unit of determining if the mobile terminal is close 
to a base station 602 executes the action of determining if 
the mobile terminal is close to a base station (200 in FIG. 
20 1) , using the differences between propagation distances 
obtained by the unit of measuring differences between 
propagation distances 601. 

This may be for example, a processor or CPU. 

A unit of calculating the mobile terminal position 603 
.25 executes either the action of calculating the mobile 
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terminal position by a common formula using the principle 
of trilateration (111 in FIG. 1) or the action of calculating 
the mobile terminal position in close proximity to a base 
station (action201 in FIG. 1) , according to the result of 
the determination made by the unit of determining if the 
mobile terminal is close to a base station 602 , and then 
executes the action of outputting the terminal position (112 
in FIG. .1)-. 

In the case of the manner in which the mobile terminal 
receive signals transmitted from a plurality of base 
stations, mobile terminal and server configurations of a 
second embodiment are shown in FIGS. 10 and 11, 
respectively. Components which function the same as the 
corresponding components of the foregoing mobile terminal 
and server of the first embodiment (FIGS. 8 and 9) are 
assigned the same reference numbers and. their explanation 
is not repeated. 

FIG. 10 is a block diagram showing a mobile terminal 
configuration of the second embodiment. 

The antenna 500, signal receiving unit 501, and unit 
of measuring time to receive 502 operate the same as 
described for the foregoing mobile terminal of the first 
embodiment . 

A unit of measuring differences between propagation 
distances 503 executes the action of measuring differences 



between propagation differences (110 in FIG. 2) , using the 
received time stamps of the signals from the base stations 
measured by the unit of measuring time to receive 502. 

The communication unit 506 transfers the differences 

5 between propagation distances obtained by the unit of 

measuring differences between propagation distances 503 to 
the server 106 shown in FIG. 7 via any base station, 
according to a predetermined protocol such as, e.g., 
cellular communication. 

0 FIG. 11 is a block diagram showing a server 

configuration of the second embodiment. 

The communication unit 600 receives the differences 
between propagation distances on the channels between the 
mobile terminal and the base stations, which are transferred 

5 from the mobile terminal 104 , according to the predetermined 
protocol. . 

The unit of determining if the mobile terminal is 
close to a base station 602 executes the action of 
determining if the mobile terminal is close to a base station 
0 (200 in FIG. 1) , using the differences between propagation 
distances transferred from the mobile terminal 104. 

The unit of calculating the mobile terminal position 
603 operates the same as described for the foregoing server 
of the first embodiment. 
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FIG. 12 is a block diagram showing a mobile terminal 
configuration of a third embodiment in the case of the manner 
in which the mobile terminal receives signals transmitted 
from a plurality of base stations. Components which 
function the same as the corresponding components of the 
foregoing mobile terminals and servers of the first 
embodiment (FIGS. 8 and 9) and the second embodiment (FIGS. 
10 and 11) are assigned the same reference numbers and their 
explanation is not repeated. 

The antenna 500 , signal receiving unit 501, unit of 
measuring time to receive 502, and unit of measuring 
differences between propagation distances 503 operate the 
same as described for the mobile terminals of the foregoing 
- embodiments . 

A unit of determining if the mobile terminal is close 
to a base station 504 executes the action of determining if 
the mobile terminal is close to a base station (200 in FIG. 
1-) , using the differences between propagation distances 
obtained by the unit of measuring differences between 
propagation distances 503. 

A unit of calculating the mobile terminal position 505 
executes either the action of calculating the mobile 
terminal position by a common formula using the principle 
of trilateration (111 in FIG. 1) or the action of calculating 
the mobile terminal position in close proximity to a base 



station (201 in FIG. 1), according to the result of the 
determination made by the unit of determining if the mobile 
terminal is close to a base station 504, and then executes 
the action of outputting the terminal position (112 in FIG. 
5 1). 

The present invention can be carried out in the manner 
in which a plurality of base stations receive a signal 
transmitted from a mobile terminal, for example, as 
disclosed in JP-B No. 260772/2002, a prior application made 

10 by the present applicant. In the case of this manner in which 
a plurality of base stations receive signals transmitted 
from the target mobile terminal, the method of measuring the 
present position of the mobile terminal will be described, 
using FIGS. 14 and 15. 

15 In action 110, FIG. 15, in order to synchronize clocks 

that base stations individually have, a first base station 
transmits first signals and other base stations 101, 102, 
and. 103 receive the first signals. At this time, each base 
station that received the first signal records the time at 

20 which it received the first signal. 

Then, the mobile terminal 104 transmits second 
signals in order to measure its position. The base stations 
101, 102, and 103 receive the second signals and each base 
station records the time at which it received the second 

25 signal. In action 110, moreover, from the received time 
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stamps of the first signals at the base stations and the 
received time stamps of the second signals at the base 
stations, time differences of signal propagation on the 
channels from the base stations to the mobile terminal T 3 
5 - Ti and T 2 - T 1 are calculated. Finally, the thus calculated 
propagation time differences are multiplied by light 
velocity and, thereby, differences between the propagation 
distances of the signals from the base stations to the mobile 
terminal" are calculated. 
10 In action 111 and subsequent, the same operations are 

performed as in the above-described example of calculating 
the mobile terminal position, using cellular telephony 
signals . 

FIG. 13 is a block diagram showing a base station 
15 configuration of a fourth embodiment in cases where the 
present invention is applied in the manner in which a 
plurality of base stations receive signals transmitted from 
the mobile terminal. 

An antenna 700 receives signals transmitted from the 
20 mobile terminal. 

A signal receiving unit 701 performs radio frequency 
and intermediate frequency receiving processing and signal 
processing such as A/D conversion for the signals received 
by the antenna 700. 
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A unit of measuring time to receive 702 measures the 
time at which the base station received the signal 
transmitted from the mobile terminal for the signals 
received by the signal receiving unit 701. For example, the 
unit of measuring time to receive can be configured with 
matched filters. 

A communication unit 703 transfers the received time 
stamps of the signals from the mobile terminal measured by 
the unit of measuring time to receive 702 to the server 106, 
according to a network communication protocol. The server 
106 configuration in this example is the same as the server 
of the first embodiment (FIG. 9) and the server 106 operates 
the same as, described for the foregoing server of first 
embodiment (FIG. 9) , except that the communication unit 600 
handles the received time stamp information transferred 
from the base station. c 

As described hereinbefore, in the preferred 
embodiment of the present invention, the method for 
calculating the position. of the mobile terminal 104, using 
differences between propagation distances of radio signals 
being transmitted/received on the channels between the base 
stations 101, 102, and 103 and the mobile terminal 104, 
comprises the action of measuring differences between 
propagation distances 110 of the signals on the channels 
between the plurality of base stations and the mobile 
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terminal, the action of determining if the mobile terminal 
is close to a base station 200, which determines whether the 
mobile terminal is in close proximity to any of the plurality 
of base stations., the action of calculating the position of 
the mobile terminal by a common formula 111 if it is 
determined that the mobile terminal is not in close 
proximity to any of the base stations, the action of 
calculating the position of the mobile terminal in close 
proximity to a base station 201 if it is determined that the 
mobile terminal is in close proximity to one of the base 
stations, and the action of outputting the position of the 
mobile terminal 112 calculated through the action of 
calculating the mobile terminal position in close proximity 
to a base station or the action of calculating the mobile 
terminal position by a common formula. Thus, even if the 
mobile terminal is in close proximity to a base station, the 
position of the mobile terminal can be measured with 
accuracy and stability. Consequently, the area where the 
position information service can be offered would be 
extended and enhancing the convenience would be achievable. 

Particularly, by using the action of determining if 
the mobile terminal is close to a base station 200 and the 
action of calculating the position of the mobile terminal 
in close proximity to a base station 201 , it becomes feasible 
to provide the method of measuring the mobile terminal 
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position with the amount of arithmetic operation 
appropriate for the accuracy of position measurement 
required by the position information service. More 
specifically, by tailoring the value of parameter B in the 
first example of sub-actions (FIG. 3) within the action of 
determining if the mobile terminal is close to a base station 
and the value of parameter P thr d in the second example of the 
above sub-actions (FIG. 4) , according to the purpose of 
making use of the obtained position measurement of a mobile 
terminal, in the later position calculation stage, the 
action of calculating the mobile terminal position by a 
common formula using trilateration , which requires large 
amounts of arithmetic operation, can be avoided, and, 
instead, the position of the mobile terminal can be 
calculated by executing the sub-action of the first example 
(FIG. 5) within the action of calculating the mobile 
terminal position in close proximity to a base station, 
which needs only a small amount of arithmetic operation. 
Concretely, it is necessary to repeat arithmetic operations 
hundreds of thousand of times when the action of calculating 
the mobile terminal position by a common formula using 
trilateration is executed, whereas it is sufficient to 
repeat arithmetic operations several dozen times when the 
sub-action of the first example (FIG. 5) is executed as the 
action of calculating the mobile terminal position in close 



proximity to a base station. The amount of arithmetic 
operation can be reduced by a factor of about ten thousand. 

Because the position of a mobile terminal is 
calculated with the amount of arithmetic operation being 
5 adjusted in accordance with the intended use, it becomes 
feasible to employ arithmetic units in accordance with the 
intended use and reduction in the cost of mobile terminals 
and the cost of the position information service can be 
realized. 

10 Typical features and characteristics of the present 

invention other than those recited in the appended claims 
will be enumerated below. 

Disclosed is an apparatus for measuring the position 
of a mobile terminal. Whether a the mobile terminal is close 

15 to a base station determines whether the difference between 
the propagation distance on the channel between one base 
station (out of the plurality of base stations) and the. 
mobile terminal and the propagation distance on the channel 
between another base station (out of the plurality of base 

20 stations) and the mobile terminal, falls within a 

predetermined tolerance for the distance between said one 
base station and said another base station. For example, 
a tolerance corresponding to a required accuracy of 

i 

positioning the mobile terminal for the distance between 
25 said one base station and said another base station; if all 
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the plurality of base stations do not fulfill the 
above-described condition, the above apparatus determines 
that the mobile terminal is not in close proximity to any 
of the plurality of base stations; and if any of the 
5 plurality of base stations fulfills the above-described 
condition, the above apparatus determines that the mobile 
terminal is in close proximity to the base station that 
fulfills the above-described condition. 

Further, the apparatus for measuring the position of 

10 a mobile terminal, may also determine if the mobile terminal 
is close to a base station measures the quality of signals 
that the mobile terminal received from the plurality of base 
stations, compares the received signal quality with a 
predetermined threshold, and determines whether the mobile 

15 terminal is in close proximity to any of the plurality of 
base stations, based on the result of the comparison. 

* An apparatus for measuring the position of a mobile 
terminal, wherein it is determined if the mobile terminal 
is close to a base station measures the quality of signals 

20 that the mobile terminal received from the plurality of base 
stations, identifies the maximum value of the measured 
received signal quality and the base station that transmits 
the signal of the maximum value, compares the maximum value 
of received signal quality thus identified with a 

25 predetermined threshold, and determines whether the mobile 
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terminal is in close proximity to any of the plurality of 
base stations, based on the result of the comparison. 

An apparatus for measuring the position of a mobile 
terminal, wherein it is determined if the mobile terminal 
is close to a base station measures the quality of signals 
that the plurality of base stations received from the mobile 
terminal, compares the received signal quality with a 
predetermined threshold, and determines whether the mobile 
terminal is in close proximity to any of the plurality of 
base stations, based on the result of the comparison. 

An apparatus for measuring the position of a mobile 
terminal, wherein it is determined if the mobile terminal 
is close to a base station measures the quality of signals 
that the plurality of base stations received from the mobile 
terminal, identifies the maximum value of the measured 
received signal quality and the base station that receives 
the signal of the maximum value, compares the maximum value 
of received signal quality thus identified with a 
predetermined threshold, and determines whether the mobile 
terminal is in close proximity to any of the plurality of 
base stations, based on the result of the comparison. 

An apparatus for measuring the position of a mobile 
terminal, wherein it is calculated whether the position of 
the mobile terminal in close proximity to a base station 
equates the position of the base station determined as being 



close to the mobile terminal with the .position of the mobile 
terminal . 

An apparatus for measuring the position of a mobile 
terminal, wherein it is calculated whether the position of 
5 the mobile terminal in close proximity to a base station 
gives a plurality of point candidates where the mobile 
terminal may be positioned through calculation with the 
differences between propagation distances obtained by 
measuring the differences between the propagation distances 
10 and averages the plurality of point candidates into a point 
as the position of the mobile terminal. 
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